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Introduction.
A scientific approach to the optical properties of inhomogeneous media was begun in the second half of the 19th century. In recent years the optical and electrical properties of these media have been extensively used in many disciplines including physics, chemistry, biology, medecine, astronomy, geology and meteorology. The main application to physics concern presently the development of selective surfaces for the enhancement of the efficiency of the photothermal conversion of solar energy and, also, surface enhanced
Raman scattering (SERS).
The aim of the effective medium theories developed since 1850 is to derive an effective complex dielectric constant of these media from the knowledge of the dielectric constant of their components and their volume filling factors. The effective medium approach (*) Permanent address : Physics and Engineering Laboratory, DSIR, Wellington, New-Zealand. (**) Also supposes that each point in the inhomogeneous medium (with macroscopic uniformity) can be associated with a macroscopic dielectric permeability.
This condition is fulfilled in the framework of the quasistatic approximation by assuming that the particle radii are much smaller than the wavelength of the light (the metal-dielectric composites verify this condition). The Maxwell Garnett (1904)-MG - [7] , Bruggeman (1935)-BR- [l] , and Ping Sheng (1980) -PS - [9] theories are relevant to this approach. However they differ in the treatment of the two components in the composite system. The microstructure described by MG [3] [4] [5] [6] , namely that for which P is set equal to unity (corresponding to vacuum), the parameter of interest being then the imaginary part of the effective dielectric permeability B2e'
It is the aim of this paper to highlight the influence of the constituent-material parameters (free-electron parameters and bound-state polarization) on both the real and imaginary parts of the dielectric constant of cermets, as predicted by BR, for the full range of metal filling factors (especially around the percolation threshold) and for optical to far-infrared wavelengths. The results thus obtained are compared to those due to the Maxwell Garnett theory [7, 8] , as well as to the more recently proposed theory by Ping Sheng [9] , all three having been applied to cermet materials [8, [10] [11] [12] [13] [14] .
The model cermet used throughout is that typical of a noble metal-insulator composite. The general far-infrared behaviour of the cermet to metal ratio is largely wavelength independent for all but a range of values of q close to g (equal to 1/3 in this case). In the limits of low and high q, both R and R2 tend towards straight lines. Deviations from straight lines which occur around q = g are more pronounced in R1 than in R2.
As h -oo, for q &#x3E;&#x3E; g, this leads to the already wellknown D.C. behaviour predicted by E.M.T. [6] . At optical wavelengths, the Bruggeman Theory leads to three distinct regions in E 1 e and B2e, which may be defined as follows :
(i) Well below q = g, Ele is positive, R1 is negative and slowly increasing, while E2e and R2 are close to zero. This is the non-metal region. (ii) Well above q = g, both 81e and E2e tend asymptotically towatds 81m and 82m' This is the metallic region.
(iii) Around q = g. In this range and starting below q = g, E2e increases rapidly and 81e changes sign from positive to negative. This will be called the optical percolation region, as opposed to the 82e defined D.C. conductivity threshold localized at q = g [2] .
2.2 CRITICAL EXPONENT. -This latter region corresponds to that for which scaling theory [16] and resistor-network simulations [17] predict a single power-law relation between effective conductivity Ce and filling fraction q :
where qp is the percolation volume fraction and t the critical exponent. Since the optical conductivity may be related to the imaginary part of the dielectric constant, it could be expected that E2e would also display a power-law relationship of the type shown in equation 5 . It is generaly assumed [16, 18] plasma frequency, the inverse relaxation time and a polarization term (which will be further detailed below) for the cermet in question. The fitting procedure has also been applied over the dielectric range 0 q g, where E2e -0. This then reduces the Drude formula to the purely real equation Ele -P,,. In practice, this procedure yields good fits for all values of q, except in a narrow range, around q = g, situated well inside the percolation region (iii). In the infrared region the cermets are well described by either a free-electron-like or a purely real dielectric permeability, according to whether q is greater or smaller than 9 (q # g).
The fitted value of I/Te is found to be constant, independent of either q or g and equal to the value assumed for the metallic inclusions. Size dependence effects can thus be taken into account essentially via a variable relaxation time in the metallic inclusions.
On the contrary, the fitted values of wpe and Pe depend both on q and g. The resulting functions wpe(q) and Pe(q) for three values of g are shown in parabolically from the constituent metal value at q = 1, to zero near q = g, and remains at this value as q tends to zero (pure dielectric). The relationship between wpe(q) and (Dp is :
It is to be noted that, in the hypothesis of a constant relaxation time for the cermets, the parabolic relation (6a) may be directly inferred from figure 3b. Equation (6) may be written in terms of the number of « optically active » free electrons per unit volume of cermet, ne, and the corresponding parameters for the constituent metal n
The q variation in wpe may be thus totally attributed to a change in the effective number of free electrons in the cermet, the optical mass being assumed constant.
The transition from dielectric to metallic behaviour around q = g is not as abrupt as suggested by equations (6) or (7); rather it occurs smoothly over the width of the A.C. percolation region, E2e being consistently above the value predicted by equation (6) (dashed curves in figure 3b) By application of the additivity principle to the polarizations (on which BR theory is based) a polarization term P;, equal to the difference between Pe and Pee may be defined which is directly attributable to interface polarization in the heterogeneous cermet [19] . This interface polarization P; is shown in figure 5 for three values of 9 (note the reduced abscissa scale figure 4 caption. The Drude polarization term has been decomposed into interfacial polarization P; and bound-state polarization Pec. Note the reduced abscissa scale q* : reduced filling factor, function of the metal volume fraction and the percolation volume fraction (equal to g).
Also shown are the three corresponding cop,,,(q) curves which are then identical. , For the dielectric region (q* 0 in Fig. 5 3. Visible behaviour.
In the visible range a pronounced structure arises in both gle and G2e (Fig. 2) in detail by Stroud [6] . At high q values corresponding to low concentrations of dielectric, a narrow peak is present in the energy loss function at a wavelength corresponding to the plasma resonance of the metal. From q = 1 -g, the percolation threshold for the dielectric, and below this value, the peak decreases, broadens and moves towards higher wavelengths.
This behaviour can be attributed to the excitation of voids (or dielectric grains) polarization modes [20] . 4 . Physical interpretation. The Bruggeman theory detailed above may be given a physical interpretation in so far as it has been shown to model physical phenomena such as percolation and Drude conductivity. However, what is proposed below is derived from the theoretical model only and does not necessarily apply to real systems.
The basis of the physical interpretation is that a dielectric to metal percolation transition occurs in Ee at q ~ g, implying that an infinite metal cluster, spanning the whole sample, is present at this value. From q = 0 up to the threshold, the metallic grains, which systematically replace dielectric grains in the cermet material, contribute uniquely to the polarization of the medium (both interfacial and bound-state polarization terms increasing with q) irrespective of the particle shape and thus of the value of the percolation threshold (Fig. 5) .
These grains are then isolated and interact only through their dipole (to a first approximation) moments, which give rise to the surface plasmon resonance observed. For a given particle shape (depolarization factor g), this situation is possible up to a filling factor q equal to g, at which point an infinite metallic cluster is formed and free-electron like behaviour sets in the cermet.
Above q = g, the addition of further metallic atoms can have up to three consequences : a) Some may form isolated metallic grains, thus increasing both bound-state and interfacial polarization of the cermet. b) Some may join the infinite cluster. In this case, P; is invariant, while both bound-state polarization and the number of conduction electrons are increased. c) Some may connect isolated metal grains to the infinite cluster. Then, the bound-state polarization is increased, the interfacial term decreased, while the number of conduction electrons is increased accordingly.
In fact, for a positive Aq variation above g, the actual number of cermet conduction electrons An,, calculated from equation (7) and shown in figure 5 is related to the number of metal electrons added An by the relation :
This multiplicative factor is q independent and always greater than unity. This [21] ; this has been shown in section 3 in the energy loss function (-Im IIF,,,) curves in figure 7.
5. Comparison with other effective medium theories. The discussion will be focused on the ability of the theories to give a proper account of the non metalmetal transition and the resonance generally observed in real systems.
The real part of the effective dielectric permeability predicted by Bruggeman has been seen (Fig. 2a ) figure 8 . Again, up to the percolation fraction, the polarization increases substantially while both cope and lite remain practically zero. Beyond percolation the relaxation time is equal to the metal constituent's one, the polarization decreases and the plasma frequency increases and reaches the metal value at qA = 1. In contrast with the BR theory copse is no longer simply a function of filling fraction qA, but also depends implicitly on the probability factors and particle shapes. No simple relation similar to equation (6) could be found, thus no simple representation similar to figure 4 could be drawn. 
